Patients with diabetes mellitus develop hypercoagulability, platelet hyperaggregability and premature atherosclerosis [1±4]. Atherosclerosis is the major cause of death in patients with diabetes mellitus, leading to a high mortality rate in all forms of the disease [5] . Classical risk factors, including hyperlipidaemia, hypertension, and obesity, do not completely account for the increased incidence of atherosclerosis associated with diabetes [6] . Recent reports suggest that increased expression of endothelial adhesion Diabetologia (2002) Results. The concentration of MDMPs in diabetic patients was higher than in normal subjects. We found no differences in the binding of anti-GPIIb/IIIa and anti-GPIb monoclonal antibodies between groups. There were differences, however, in the concentrations of PDMPs, plt-CD62P, and plt-CD63 between Type II (non-insulin-dependent) diabetes mellitus patients and control subjects (PDMPs: 585 25 vs 263 9, p < 0.01; plt-CD62P: 28.1 % 1.4 % vs 9.4 % 0.6 %, p < 0.001; plt-CD63: 28.1 % 1.4 % vs 8.6 % 0.5 %, p < 0.001). Amounts of MDMPs correlated positively with these platelet activation markers, and the relation between PDMP and MDMP was the most significant. The concentration of MDMP in patients who had diabetes complicated with nephropathy, retinopathy, or neuropathy was higher than in those without diabetes-related complications. The increase in MDMP was particularly significant in patients with nephropathy. Concentrations of sE-selectin were higher in Type II diabetes patients than in control subjects, and correlated with MDMP, PDMP, plt-CD62P, and plt-CD63 levels in nephropathy patients. Conclusion/interpretation. In Type II diabetes patients, we detected increased activation of monocytes, which could have been stimulated by activated platelets and PDMPs. Because the activation of monocytes is associated with vascular endothelial damage, high concentrations of MDMPs could indicate vascular complications in diabetes patients, especially those who have diabetes-related nephropathy. [Diabetologia (2002) 45:550±555] 
molecules plays a role in the acceleration of diabetic macro-angiopathy [7±11]. In addition, there have been some reports that activated platelets and platelet-derived microparticles (PDMPs) are higher in Type II diabetes patients [12±15] .
Monocytes and macrophages could play important roles in the development of atherosclerosis [16±19] . The first step in monocyte infiltration into the subendothelial space is adhesion of circulating monocytes to the endothelium. Macrophages predominate in the lipid core of atherosclerotic plaque, and they have been shown to express tissue factor [20±22] . Monocytes can synthesize procoagulants, mostly to the tissue factor [23, 24] . Monocyte vesiculation could disseminate membrane-associated procoagulant activities and adhesion molecules following stimulation by lipopolysaccharide [25] . This ability of endotoxinstimulated monocytes to release heterogeneous monocyte-derived microparticles (MDMPs) could be an important mechanism regulating vascular cell effector functions [26] . The tissue factor-exposing MDMPs promote prothrombinase complex assembly, thereby facilitating intravascular generation of thrombin and enhanced procoagulant activity [27] . Investigators recently reported that MDMP retained tissue factor activity in atherosclerotic plaques [28] .
Cell adhesion molecules are thought to be involved in the development of vascular complications in diabetes mellitus and show increased expression levels in patients with both Type I and Type II diabetes [10] . E-selectin is a cell adhesion molecule that contributes to monocyte adhesion to endothelium [29] and is expressed by endothelial cells at the site of atheroscrelotic lesions [30] . Serum concentrations of soluble E-selectin (sE-selectin) are higher in patients with diabetes mellitus [9±11].
Procoagulant activity is also found in markers of platelet activation, such as platelet-bound CD62P (plt-CD62P) and PDMPs [31, 32] . Thus, monocytes, platelets, and E-selectin could be very important for the development of atherosclerosis in diabetes patients. We measured and compared the concentrations of plasma MDMP and platelet activation markers [plasma PDMP, CD62P binding to platelets; plt-CD62P, CD63 binding to platelets; plt-CD63], to develop a better understanding of their potential contribution to diabetic vascular complications.
Subjects and methods
Patients. The study group included 50 healthy control subjects and 73 Type II diabetic patients. All gave informed consent according to the Declaration of Helsinki. Table 1 shows the characteristics of patients and control subjects. Diabetic complications included symptomatic neuropathy treated medically (23 cases, 31.5 %), retinopathy (34 cases, 46.6 %), and nephropathy (29 cases, 39.7 %) ( Table 2) . Diabetic nephropathy was diagnosed by the presence of macroalbuminurea ( > 300 mg/ day) in more than three consecutive urine samples. Serum creatinine was lower than 2.0 mg/dl in all patients. Five patients diagnosed with nephropathy had macroangiopathy. Evaluation of neuropathy was done by neurological examination and revealed reduced periosteal reflex and vibratory sensation, and what was diagnosed for patients with neurological symptoms. No patients had inflammatory markers such as CRP and increased leukocyte counts. Anti-thrombotic agents, including aspirin, were not administered but ACE inhibitor was given to 18 patients.
Flow cytometry of activated platelets and microparticles. Blood samples were collected into tubes containing 3.8 % sodium citrate (9:1 vol/vol). Platelet-rich plasma (PRP) was prepared by centrifugation at 200 g for 10 min at room temperature. Washed platelets were prepared by centrifuging PRP at 1400 g for 10 min at room temperature. The resultant pellet was washed twice with washing buffer (9 mmol/l Na 2 EDTA, 140 mmol/l NaCl, and 26 mmol/l Na 2 HPO 4 , pH 7.2) and resuspended in HEPES-Tyrode's buffer (129 mmol/l NaCl, 8.9 mmol/l NaHCO 3 , 0.8 mmol/l KH 2 PO 4 , 0.8 mmol/l MgCl 2 , 5.6 mmol/l glucose, and 10 mmol/l HEPES, pH 7.4). An equal volume of 2 % paraformaldehyde was added to the washed platelets, and they were incubated for 15 min at room temperature. Platelets were then washed twice, resuspended in stock solution (9 mmol/l Na 2 EDTA, 26.4 mmol/l Na 2 HPO 4 2H 2 O, 140 mmol/l NaCl, 0.1 % NaN 3 , and 2 % fetal bovine serum, pH 7.2), and stored at 4 C until analysis.
PDMPs were detected with a modified version of a previously reported method [12, 33, 34] . Ten microlitres of platelets (3 10 8 /ml) added to 100 ml of HEPES-Tyrode's buffer containing 5 nmol/l EGTA. Both intact and aggregated platelets were removed by centrifugation at 1000 g for 15 min to yield a supernatant containing microparticles only. Ten microlitres of washed intact platelets (3 10 8 /ml) was then added to the supernatant and the mixture was incubated with KMP-9 [35] (a FITC-labelled monoclonal antibody against platelet GPIX) for 30 min in the dark at room temperature. After incubation, samples were diluted 1:10 with HEPES-Tyrode's buffer containing 5 nmol/l EGTA and analysed with an Ortho Cytoron Absolute Analyzer (Ortho Diagnostic Systems, Tokyo, Japan). Only cells and particles positive for GPIX were gated to distinguish platelets and PDMPs from electronic noise. To differentiate between platelets and PDMPs, the lower limit of the platelet gate was set at the left limit of the forward-scatter profile of resting platelets. Then 10000 FITC-positive particles in the PDMP gate were to determine the number of PDMPs released for each 10000 platelets. As an index of platelet activation, CD62P expression was quantified by immunostaining with anti-CD62P monoclonal antibody (CLB-thromb/6, Immunotech, Marseille, France). Platelet expression of GPIIb/ IIIa and of GPIb was analysed with anti-GPIIb/IIIa (NNKY1±32) [33, 36] and anti-GPIb (NNKY5±5) [37] monoclonal antibodies, respectively. Assessment of MDMP. MDMP was detected by a previously reported method with some modifications [38] . Ten microlitres of washed intact platelets (3 10 8 /ml) was added to the plasma, and the mixture was incubated with FITC-labelled Annexin V (FITC-Ann V) and phycoerythrin (PE)-labelled CD14 (PE-CD14) for 30 min in the dark at room temperature. Samples were diluted 1:10 with HEPES-Tyrode's buffer containing 5 nmol/l EGTA and analysed with an Ortho Cytoron Absolute Analyzer (Ortho Diagnostics). Flow cytometry was set to detect only particles bound to FITC-Ann V and PE-CD14 (Fig. 1) .
Measurement of sE-selectin. Blood samples from patients and healthy control subjects were collected into tubes with sodium citrate or tubes without anticoagulant. Blood was allowed to clot at room temperature for a minimum of 1 h serum or citrated plasma was isolated by centrifugation for 20 min at 1000 g at 4 C and then stored at ±30 C until analysis. As positive controls, in each assay we used the recombinant products and standard solutions provided with the commercial kits. Concentrations of serum sE-selectin were measured with a monoclonal antibody-based ELISA kit from R & D Systems according to the manufacturer's instructions.
Statistics. Statistical analysis was performed with the paired or unpaired t-test, and a p value of less than 0.05 was considered to be statistically significant.
Results
We compared the results of MDMP in normal subjects with those in patients with Type II diabetes (Fig. 2) . The concentration of MDMP in diabetic patients was higher (p < 0.001) than that in normal subjects.
When concentrations of PDMPs and platelet activation markers were compared between the control and Type II diabetes groups, no between-group differences were detected in binding of anti-GPIIb/IIIa and anti-GPIb monoclonal antibodies (Table 2) . Concentrations of PDMPs, plt-CD62P, and plt-CD63, however, were higher (p < 0.001 for each) in Type II diabetes patients than in control subjects (Table 2) .
MDMP correlated positively with plt-CD62P, plt-CD63, and PDMP with its relation to PDMP being particularly significant (Fig. 3) . However, HbA 1 c , an indicator of glycaemic control did not correlate with MDMP, PDMP, plt-CD62P, or plt-CD63 concentrations (data not shown).
The number of MDMPs is patients who have diabetes together with complications such as nephropa- Fig. 1 . Assessment of MDMP. Washed intact platelets was added to the plasma and the mixture was incubated with FITC-labelled Annexin V and PE-labelled CD14 for 30 min in the dark at room temperature. Samples were diluted 1:10 with HE-PES-Tyrode's and analysed with Flow cytometry. Flow cytometry was set to detect only particles bound to FITC-labelled Annexin V and PE-labelled CD14 Fig. 2 . The results of MDMP in normal subjects and Type II diabetic patients. The serum level of MDMP in diabetic patients was higher than that in normal subjects thy, retinopathy, or neuropathy were higher than that in those without complications with nephropathy being the highest (Fig. 4) .
Concentrations of sE-selectin were higher in Type II diabetes patients than in control subjects (Fig. 5) . In addition, sE-selectin concentrations correlated with MDMP, PDMP, plt-CD62P, and plt-CD63 in nephropathy patients (Table 3) . In this study, ACEinhibitor was given to 18 patients. However, values of platelet activation markers, MDMP, and sE-selectin did not differ significantly between the administration group and the non-administration group.
Discussion
This study shows that concentrations of plt-CD62P, PDMP, and MDMP are higher in patients with diabetes, and that these increases are the highest in diabetes complicated by nephropathy.
Diabetic macro-angiopathy originates from atherosclerosis, and it is believed that the coagulation or fibrinolysis system or both cause it. In fibrinolytic abnormalities, plasminogen activator inhibitor 1 (PAI-1) plays a leading role. Low plasma fibrinolytic activity in association with increased plasma PAI-1 levels has been linked to an increased risk of atherosclerosis in patients with Type II diabetes [39±41]. Hyperactive platelets could lead to capillary microembolization because of the formation of microaggregates [42] . In this study, we measured PDMP and MDMP to assess coagulation in Type II diabetes. Concentrations of plasma PDMP and MDMP were both significantly higher in Type II diabetes patients than in control subjects. PDMPs play an important role in coagulation. A study found that C5b-9 and thrombin increase the number of binding sites for factor V on PDMPs [43] . They also showed that PDMPs play a major role in production of thrombin by the factor Va-Xa complex and that PDMPs are responsible for the procoagulant activity of platelets. Thus, increased concentrations of PDMPs could cause hypercoagulability. Increased PDMP concentrations are Fig. 3 . The correlation between MDMP and platelet activation markers (plt-CD62P, plt-CD63, and PDMP). MDMP correlated positively with the platelet activation markers, with the PDMP relation being particularly significant Fig. 4 . The concentration of MDMP in patients with diabetes complicated with nephropathy, retinopathy, or neuropathy was higher than that in those without complications. The increase of MDMP was most significant in patients with nephropathy Table 3 . Relation between platelet activation markers, microparticles, and sE-selectin in Type II diabetes patients with nephropathy (n = 29) sE-selectin also observed in uremia and cerebral infarction [34] . In addition, increased PDMP levels occur in disease states where activated platelets have been detected in vivo [12, 34] . Previously, we reported that PDMP concentrations are significantly higher in diabetic patients with higher serum LDL than in similar patients with lowered serum LDL, which suggests that PDMPs participate in the development or progression of atherosclerosis in patients with diabetes mellitus [12] . In this study, we found that the concentration of MDMPs in Type II diabetic patients are higher than those in control subjects. Investigators reported that co-culturing leukocytes with endothelium induces endothelial activation and inflammatory gene induction and that this pathway is mediated by membrane microparticles released from the activated leukocytes [26] . Our current findings suggest that increased PDMPs and MDMPs in Type II diabetic patients could contribute to the development of atherosclerosis.
In this study, no significant differences were detected in binding of anti-GPIIb/IIIa and anti-GPIb monoclonal antibodies between the control and Type II diabetic groups. Concentrations of CD62P-and CD63-positive platelets were higher in Type II diabetic patients than in control subjects. CD62P is glycoprotein located in the a-granule membrane and CD63 is located in the lysosomal integral membrane. When platelets are stimulated, CD62P and CD63 are rapidly redistributed to the platelet surface. This change in CD62P and CD63 localization is considered a marker of platelet activation [31] . Quantitative increases in glycoproteins after platelet activation were not observed in GPIIb/IIIa or GPIb. Flow cytometric analysis of platelet CD62P and CD63 concentrations has been standardized [31, 44] . With this technique, it has been shown that circulating concentrations of CD62P-and CD63-positive platelets are higher in patients with coronary artery disease and diabetes [44] . Our findings are consistent with those of these previous reports. Our present results on PDMP, MDMP, CD62P, and CD63 concentrations also suggest that enhanced platelet activity and related procoagulant activity in Type II diabetes induce hypercoagulation.
In this study, the activation of monocytes seemed to correlate with the concentration of MDMP in Type II diabetic patients. Concentrations of sE-selectin were also increased significantly in Type II diabetic patients with nephropathy. In general, a subset of monocytes and lymphocytes interact and activate endothelial cells. Increased expression of endothelial adhesion molecules could accelerate vascular damage, and these molecules could be stimulated by oxidized LDL. The above-mentioned adhesion molecules include E-selectin, which is a product of endothelial cells, and P-selectin, a product of endothelial cells and platelets [45, 46] . In this study, E-selectin increased slightly in Type II diabetic patients. Increased activated platelets and PDMPs, which lead to infiltration of monocytes into the arterial wall could be crucial in the development of atherosclerosis [47] .
The increased expression of adhesion molecules was associated with activated monocytes. These activated monocytes could bind to vascular endothelial cells, and this binding could contribute to the development of atherosclerosis in Type II diabetic patients. PDMPs and activated platelets could stimulate the activation of monocytes and promote the production of MDMPs. In our study, both MDMPs and PDMPs showed a positive correlation with activated platelets. Because MDMP concentration was especially high in the diabetic patients with nephropathy, we suggest that MDMP concentration in Type II diabetes patients could be a useful indicator of nephropathy progression.
In conclusion, we measured and compared the concentrations of plasma MDMP and platelet activation markers to develop a better understanding of their potential contribution to diabetic vascular complications. Concentrations of CD62P-and CD63-positive platelets, and of plasma PDMP, MDMP, and sEselectin were significantly higher in Type II diabetic patients than in control subjects. Monocyte activation was enhanced and could be the effect of stimulation by activated platelets and PDMPs in Type II diabetic patients. The activation of monocytes could also cause vascular endothelial cell damage. These findings suggest that elevated MDMPs could be a sign of vascular complication in Type II diabetic patients, particularly those who suffer from diabetes-associated nephropathy.
